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It has long been a matter of common observation that insects are 
very sensitive to temperature. As the cold of winter approaches many 
perish, and others go into hibernation to await the wannth of spring. 
In the spring they are aroused from hibernation and pursue their nor- 
mal course of feeding, reproducing, and developing when the tempera- 
ture rises to about 50" F., becoming more active as the season advances 
and the temperature rise the optin for 
development in midsum ate of dl its 
highest point. Above th 1 heat of summer IS unravor- 
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In rears many investigations have bet cted to de- 
termint efinitely the relation between temr and rate of 

. develo~ insects. The writer in 1915-16-1 .ed data on 
the development of the stages of the codling moth, the I 

' 4 ' 1  

and the progress of the . history, : h i  to rela m- 
perature to rate of deve and the rtion of t I re 
units to progress of d e v ~ l u ~ l l ~ ~ l t t ,  usinx out-or-aoors temperacures in 
making the correlation. 
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The purpose of this paper is to explain briefly how i  IT^ 

units may be used to forecast the date when any stage OL an Insect 
pest may be expected to appear, and to do so long enough in advance 
of its appearance to enable the grower of crops to take proper steps to 
ward off tl~reatened injury. 

In this latitude, temperatures range from ahout -30" to 5" 
F. The range between these extremes may he divided intc es. 
based on the reaction of insects to different degrees of temperarure, as 
indicated below. 

about I1 
six zon 

----&La-- 



168 T~nwsactions of the Illi?toa's State Academy of Science 

........... 6. High Fatal Zone.. 1 Fatality due to heat. 

I ........... Not fatal, but unfavorable far de 
5. Pl~tivatlng ZfVAe.. velopment. 

Itate of development d e c d n g  
4, Retarding Temperabra Zone- with rise of temperature. 

Temperature of maximum rate oi 
development. 

.......... 2. Hibernating Zone.. Not tavomble for developm8nt due 
to lack o t  heat, 

............ 1. Low Fatal Zone.. Fatality due to lack of heat. 
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h these studies we are interested in the zones of effective tem- 
perature and retarding temperature, the relation of different tempera- 
tures to the development of the different stages and to seasonal develop 
ment of insects 

Studies of ing moth revealei : rate of development 
in all its stage! almost directly as and fall of tempera- 
ture within the zone of effective tempe Other investigators, 
by the use of apparatus for controlling temperature and humidity, have 
ascertained that changes in temperature neat the zero of development 
have a sIightly less value in producing change in rate of development 
and that similar changes in temperature near the upper part of the 
zone of effective temperatures have a slightly greater value, than do 
like changes in temperatures near the middle of the zone. They alsa 
have determined that humidity has n slight effect on the rate of develop- 
ment and on the zero of development, but these can not be detected by 
the use of varying out-of-door temperatures and it is unnecessary to 
take account of them for practical purposes. In these studies, there- 
fore we are z that within the effective temperature zone the 
rate of develol ries as the temperature. 

It was also touna that then the temperature rises above the p i n t  
at which the maximum rate of development is reached, the rate of 
development was retarded approximately as it would be if the 
temperature had fallen a like amount below that point, and although 
rhis may not b ccurate, it is assu e sufficiently accurate 
for our purpos *elation enables us :rt retarding ternpera- 
tures into eq~livale~n edective temperatut~a, d0 L L I ~  rate of development 
at two, three, or four degrees abwe the temperature of the maximum 
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rate of development is approximately the same as at a te re of 
h a ,  three, or four degrees below that point. If, for inst: tem- 
perature of the maximum rate of development of the pupa of the codl- 
ing moth i s  87" F., the rate of development of the pu d be 
approximately the same at 90° F. as it would be at 84" 

The limiting point between the hibernating zone and tne errective 
temperature zone is called the zero of development, It is pera- 
ture at which development ceases when the temperatun ~d at 
which development begins when the temperature rises f~ rnat- 
ing temperatures. 

The limiting temperature between the effective tern] 
and the retarding temperature zone is the temperature at rr 
ment proceeds at its highest rate. 

These two points may differ for different insects and 
stages of the same insect. 
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The limits of the various zones have not been determined definitely 
for any insect, but the zero of development is in the neighborhood of 
50" F. and the temperature of the maximum rate of deveIoprnent is 
probably between 85" and 9Q0 F. 

For the codling moth the zero of deveIopment for , and 
egg is near SO0 F. and for the p u p  52" F. ; the degree of mum 
rate of development for the egg, larva. and pupa respect~very is near 
88", 8S0, and 87" F. 

The units of temperature accumulation used in this ation 
are the day-degree and the effective day-degree. A day-degree 1s a unit 
of one clqree operating for one day. :tive day or a 
daydegree of effective temperature, 1 -rlegree 3 by 
temperatures within the effective telnpetacur~ zone. 
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' U t e  the effective day-degrees for any day 
the t  re does not at any time rise above the tc 
the r l~anl l lrul~l  rate of development, add the hozsrly tempcl ~ L L U  e 

ings for the day above the zero of devt , and divide by 2 
add t l ~ e  hourly readings for each alternz and divide by 12. 

Ta compute the effective day-degrees which accumulate duri.., , 
day when t l ~ c  temperature for part of the time is above pera- 
ture of the maximum rate of deveIopment, subtract fror; ?rage 
day-degrees above the zero of development, twice the a Y = l a E t :  dav- 
degrees above the degree of the maximum rate of devell 
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result will be the day-degrees of eff mperatures, or the number 
of effective day-degrees which acci during the day, and will 
serve as a quite accurate index to ; of the day in furthering 
the development of any stage of the insect or its life, or seasonal his- 
tory. 

The formula for the effective day-degree accumulations for any 
day may be written, x - a - Zb, in which "a" is the average of the 
hourly temperatures for the day a1 zero of development, and 
"b" is the average of the hourly t t  res for the day above the 
degree of the maximum rate of devetopsrlt.nt. 

The following table illustrates the relation of temperature to the 
incubation period of the codling moth, the zero development being 50" 
F. and the degree of maximum rate of development 88" F. 
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TEMPERATWE: AND THE INCUBATION PERIOD QF THE 
CODLING MOTH 

- - .- 
, paiod 1 Mean I Average daily day-demeea I Total day-degrees 

No. in Dally 

Column 4 gives the average day degrees above 50" F. for the 
period (a) ; column 5 gives twice the average daily day-degrees above 
88' F, (2b) ; and column 4 ghes the remainders left after subtracting 
the retarding day-degrees in column 5 from the corresponding day- 
degrees in column 4, or the average daily effective day-degrees for the 
period (a-2b). 

The periods (p) are given in column 2. Column 7 gives the pro- 
duds af corresponding numbers in columns 2 and 4, or the total day- 
degrees which accumulated above 50" F. during the period at the vari- 
ous temperatures cap). Notice the wide variation in the numbers in 
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column 7, and that the last four numbers in column 7 in have 
the average at the higher temperatures. This is due to that 
coIumn 4 indudes some retarding day-degrees. 

Column 8 records tlie products of the corresponding *s in 
columns 2 and 6, or the average effective day-degrees wl [mu- 
lated during * ' - - perid a - - ifferent temperatures 
(a-2b) p. T d 8 is that the proper 
corrections wr. ratures above 8B0 F. 
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The fortnula for the incubation period may be given as P= 

c=163, in which "c" is the average total number of e day- 
degrees which accumulates during the period, or the sn-calleci tnermal 
constant for the period. It will be noticed that the variation from the 
average number of accumulated day-degrees at the dieerent ternpera- 
tures is verv ST:-'.' 
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It  was observed that the first adults of the codling moths were 
emerging in a !I, 1915, lid not know 
it then, but it i about Sf ~ e e s  accumtl- 
late before egg-laying aeglns, and that ltaa more accumulate before the 
eggs hatch, and that the average daily accwmulation of effective day- 
degrees at Olney at that time in the season is 15. Therefore, by 
solving the simple problem, (50 f 163) +I5 -14, we might have 
determEned that 14 da May 11 y 25, the first la 
would he hatching in d *d. With rmatian, the orch 
man could have had lr rrdys ~ r l  which to plan 30 have the first cover 
spray on his trees by May 25. In this particular instance the first 
larvae were observed to be hatching on May 25. W e  can not always 
expect to forecast the date that closely. If the weather during the 
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For the 1 gears the informa 
men of Iflinoi psing by Mr. W. 
tory Survey 1 ,s to the time whc 
codling moth should be applied, has been obtained by this 
has proved very useful and accurate. 

The following table illustrates the reIation of tempe 
larval period of the codling moth, the zero of developrr 
50" F. and the maximum rate of development at 8 5 O  F. 
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TABLE 11. 
TEMPERATURE AND THE LARVAL PERIOD OF THE 

CODLING MOTH 

No. 
Lw- 
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78.48 23.48 -72 22.76 686 665 
74.53 24.53 '74  23.79 1 0 3  881 
16.74 26-74 1.40 25.34 726 688 
79.39 29.39 3.62 25.77 162  668 
80.30 30.30 4.36 25.94 198 6x3 
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The same method was followed in analyzing the data on the 
larval period. The approximate zero of development was found to be 
50" F. and maximum development was found to occur at 85' I?. 
Column 4 gives the average clail!; day-degrees above 50" I?. (a) ; 
column 5 gives twice the number of day-degrees above 85" F. which 
must be subtracted from day-degrees in column 4 to make correction for 
the retarding temperatures above 85" F. (2b) ; and column 6 gives the 
corrected day-degrees above 50" or the average daily effective day- 
degrees for the period (: ; 7 anrl 8 are the products 
respectively of columns 2 ; rlumns 2. and 6 ( [a-2bjp). 
The total day-degrees unln 8 are quite uni- 
form in number for differ( :ratures. The variations are greatt 
than the totals in the corr ~g column of Table I, but the larv: 
period is much longer t incubation period, and there is 
correspondingIy greater vanatlon in the larval periods than in the 

3n periods, and a lumber of larvae under observation 
:h smaller than tl :r of eggs. 

L U ~ :  formula for the avr;aagd larval period for lamae reared in 
apples on the tree may bj : (a-2b)p = c = 673. It is intel 
esting to note in this conr )at the formula for the larval peric 
for larvae reared in pickea apples, based on the rearing of 214 larva 
is (a-2b)p = c = 587, of 86 day-degrees less than for larvae reared 
in apples on the tree, showing that the character of the food materially 
affects the rate of development. A difference of 86 effective day-de- 
grees in the total is equil a difference of about 4 days in the 
length of the period. 

Table 111 shows the of temperature to the pupal period 
of the codling moth, the zero of development being at SO0 F. and 52" F, 
and the maximum rate of development at 87' F. 
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PUPAL PERIOD OF THE CODLING MOTH "p 
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The same method was followed in analyzing the data on the pupal 
period as on the incubation and the larval period, except that the 
results obtained by using both 50" F. and 52" F. as the zero of develop- 
ment are included in this table. The degree of the maximum rate of 
development for the pupa was determined to be approximately 87' F. 
Column 11, [(a-2b) p] shows the total effective day-degrees above 
50" F, after corrections have been made for temperatures higher t h  
87" F. and column 12 [(a'-%) p] shows the same above 52" F. 

; made, 

The fact that in column 11 the total effective day-degrees a 
much higher at the lower temperatures than at the higher temperatures 
indicates that 50" F, is below the true zero of development; and the 
fact that the total effective day-degrees in column 12 are quite uniform 
in number for all temperatures indicates that 52" F. is near the true 
zero of development. However, the error will not be great if SO0 F. 
is used as the zero, and as it is much more convenient to use the same 
zero for the pupa as for the larva and the egg, SOo F. is used in all 
the computation2 The formula used, therefore, is (a-Zb} p= 
c = 265. 

By the use o t  tnis table and some simple observations one may 
forecast very accurately when the first larvae of the second generation 
of the codling moth will begin to hatch in his orchard. In order to 
make the observations, the orchardman should put some bands on a 
number of trees in his orchard, or, preferably, some isolated ire 
which may be left unsprayed. These bands should be examined dai 
beginning June 1, until the first larvae are found under them. Then - 
computation of this kind can be made : 

265 50 + 162 
f +-+ - 

d d 
number of days 1s t  larvae are found under bands until the 
first larvae of t d generation will be hatched in the orchard. 
The "3" in the auwc  s~atement represents the days that usually elapse 
before the larvae change to pupae after entering the bands ; "d" repre- 
sents the average daily accumulation of efiective day-degrees that nor- 
mally accumulate during the three weeks following the date when 
the first larvae are found, and its value may be estimated by reference 
to the fourth column of Table No. V; 265 is the average number of 
effective day-degrees that accumulates from the date of pupation to the 

50 + 162 
date of emergence; and is the average number of days that 

; after t 
he secon 
.La--- -&A, 

d 
elapse between the emergence of the moths and the hatching of the 
young larvae. 
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Suppose at Urbana the first larvae of the first ger 
found under the band June 20. We would proceed as foll 
tain when to expect the Iarvae of the second generation tc 
orchard. We woulcl first refer to Table V, ascertaining 
'3'' during the three weeks following June 20 to be 23. 

3 days (daye until larvae will pupate)+ 
265 

t'-'-" 

Howc 
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- (days nntil motha wi1I.amerge) + 
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e codling 
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60 + 16.3 
(dam till e g g  will hatch) =r 24 

23 
Twenty-four days after June 20 is Jtily 14. The man 

would in this case have twenty-four days in which to plai ! the 
first spray on his trees for the second brood af worms. 

This method also has been employed by Mr. Flint in 1 : the 
forecasts sent out to orchardmen as to time to apply the first spmy for 
the second brt : moth. 

As mentk ;g, larva, and pupa of the noth 
react somewhar crirrcrenny to temperature, 50" F, being rne approxi- 
matt zero of development of the egg and the larva, and S 2 O  F. the 
zero for the pupa, while 8SQ, $So, and 87O F. are the approximate tem- 
n ~ ~ ~ + w e s  at which the egg, larva, and pupa develop most rapidly. 
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selecr one zero and one degree of the maxlrnurn rare or development 
for all three stages. The most satisfactory zero for all three stages is 
50" F. and for the degree of the maximum rate of development 86' F. 
Table IV gives the resuIts obtained by applying them to the devclop- 
ment period which covers the period from the depositio egg 
until the emergence of the adult. 

n of the 

RELATION OF TEMPERATURE 
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THE Cf 
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First * a .  74 19x5 
First ... 66 1916 
First ... I04 1917 
Becant . .  s 13 1915 
Secon~ .......... 92 1916 

348 . . . -  - - 

Iv 1 Tot Number of 
Generation 
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Although 1118 was the average number of ef ay-degrees 
which accumulated daring the development period, i er of such 
rmits which accumulated during the period of individuals within the 
group varied widely. 

The lowest temperature accumulation during this period for any 
of the individual females was 880 day-degrees but Iess than 4 per 
cent of the individuals had accurnt~lations below 9% ~ e e s ,  This 
latter number may be considered the approximate n. As the 
development period does not include the period whicn elapses between 
the time when the adult emerges and the time when she begins to 
deposit eggs, aZlow 50 effective day-degrees to cover this time, making 
in round numbers 1OOO as the minimum number of effective day-de- 
grees which accumulate during the entire life cyd  'gg to egg. 
We may therefore expect a new generation of th : moth for 
every accumulation of 1000 effective day-degrees rnar IS completed. 
Observations have corroborated the approximate accuracy of this con- 
clusion. 

Thus far the relation of temperature to the egg, larva, pupa, and 
development periods of the codling moth have been shown, and a 
method of forecasting the dates when the first larvae of the first gen- 
eration and the first larvae of the second generation may be expected 
to appear, by the use of certain observations made rchard and 
the application of the ascertained temperature relat  ere is also 
a relation between temperature and the seasonal hisrory ox the codling 
moth, and time of the appearance of the first individuals of any brood 
of eggs, larvae, or moths, may be anticipated, even in the absence of 
definite observations. 

To be able to fdIow the seasonal history of the insect by the use 
of accumulateiG ternperattire units only, it will be necessary to keep a 
daily record of the effective day-degrees that accumulate, and the total 
effective day-degrees that have accumulated from the beginning of the 
season. 

By the use of a self-recording thermometer it is a simple matter 
to compute and record the effective day-degrees above 50°F. that ac- 
cumulate daily, using the formula, x -- (a - Zb), in which "a" repre- 
sents the average of the hourly readings above 50°F. and "b" repre- 
sents the average hourly readings above 86°F. Then the total number 
of effective day-degrees which has accumulated from the beginning of 
the season up to and including each date may be obtained by adding 
the accumulation for each day as it is computed to the total accumula- 
tion recorded for the preceding day. 
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When the total accumuIatian of effective day-degrees 'les 
340, one may expect the first adults of the codling moth to 1 ing 
from the overwintering larvae; and when it reaches 550, one may ex- 
pect the first larvae to be entering the fruit. When it approaches 1342, 
the first moths of the second brood may be expected to emerge, and 
when it approaches 1550, the f irst Iarvae of the second brood rnay be 
expected to hat: 1. In lik r the fir: of 
the third broad peas aboq ne when of 
effective day-deglecs rracites ~ ~ 4 2 ,  and me rirsr larvae or rne rnird 
brood when the sum reaches 2550. 

To illustrate a IittIe more clearly the significance of 2 ted 
day-degrees of effective temperature, Table No. V has heen prepared, 
showing the total accumulations from the beginning of the season at 
Urbana, Illinois, for each day from May 1 to August 31. for the years 
1921, 1929, and 1924, also the average daily accumulations and the 
average total accurnnIations for each day for the same per Jr- 
bana, based on 14 years records. 

The numbers representing the total effective day-degrees in columns 
1, 2, and 3 reflect fairly accurateIy the advancen he seasonal 
l~istory of the codling moth during the years 1921, rl 1924, and 
the numbers in colttmn 5 show the wrogress of the s=dau~tdl historv of 
the inst ar at Url 

If ces in thr ter 
any dare Ivr rue tnrce years and me average aar urDana are noren, it 
will be seen how much the seasonal histoq ry in different years. 

If, for instance, we wish to know ho a variation occurred 
in 1921, 1929, and 1924, in the dates when rtle nrst larvae of the first 
generation of the codling moth began to I ird, we will 
find in each column the number nearest t [all see that 
the first Iarvae hatched in 1921 about Mav LG ul ~ 4 ,  111 1~29,  May 29 
or 30; and in 1924, June 14, and that tl ,I date at Urbana is 
June 1 .  There was a difference of seven ween 1921 and 1929, 
16 days between 1929 and 1924, and an extreme difference of 23 days 
between 1921 and 1924. 

Similarly, we might learn something of the variation of 
the hatching of the first Iarvae of the second generation ~n dllterent 
years by observing the dates on which the accumt~lations of day-degrees 
cf effective temperature were near 1550. This event occurred theo- 
relically on July 2 or 3 in 1921, July 19 or 20 in 19'29, on Aumst 1 in 
1924, and it occlrrs nomafly on July 19, at Urbana. 
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The larvae of the third generation began to hatch theoretically or 
Aug~st 11 in 1921, September 5 in 1929, October 4 in 1924; and i. 
b e ~ n s  normalFy on September 1 or 2 at Urbana. 

CoEumn 4 gives the day-degrees of effective temperature whi 
normally accumulate daily at Urbana. It is desirable to know t 
normal daily accumulations and the totaI accumulations during tnt 
season up to and including each dm year for a nttmber of locali, 
ties in the State and the nation, su given for Urbana in the las 
t ~ v a  columns of Table V. 

Having this information, one ble to compute the date when 
a certain event in the seasonal his n important insect will occut 
at one place if the date when it occarrru at another place is known. 

It will be seen that there are many ways in which a knowledge 
the significance of day-degrees of effective temperature and their : 
cumulation as the season progresses can be of use to the practi,... 
orchardman or to the entomologist, especially in enabling him to fore- 
cast the dates when larvae of the several generations will begin to hatch, 
and when hatching will be at its height. 

The accumulated day-degree! lay be depended upon in fore- 
casting the date when the spray be applied, or they may be 
used in connection with observations as lriustrated earlier in the paper. 
as they have been used in Illinois for the last few years in forecast; 
the dates when sprays should be applied for the first larvae of the c 
f erent broods. 
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It is of interest to note how acctlrately an event may be forecast 
by the use of accumulated clay-degrees of effective temperature. While 
data were being collected for this study at Olney, Illinois, in 1915, 1916, 
and 1917, accurate obse~ dates when the first 
larvae of the three gene -ed with the forecast 
or theoretical dates when rney sn 1. 

................ Firat 
lTiret ................ 
First ................ .............. Second 
Second .............. 
Second .............. ............... Third 
Third ............... 

I YPPr I h i  1 Obaerved 
Generation date 

M ~ P  15 
May 24 
May 31 
July 11 
July 10 OF fl 
auig IR 
Ang. 2% 
Aug. 18 

Difference 
in days 

Mas 1'7 2 
May 25 1 
June 2 2 
July 11 0 
July 11 3. 
July 17 1 
bug. 29 6 
Aug. 20 2 
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Observations at Vrbana 

Theoretic  observe^ Generaw I stan 1 e a r  date I fink 

Hibematlag .... l e t  adult 
Hibernating .... l a t  adult 
First ........... 1st larvae 
First ........... 1 s t  adult 
Firat ........... 1st adnIt 
Hibernating .... 1st adult 
First ........... 1st adult 

Hibernating .... 1st adult 
First ........... bt larvae 

under band 
Hfbernatlq .... l a t  adult 

1924 May 28 
1925 May 6 
I926 June G 
1926 July 15  
1927 July 13 
1928 May 16 
I928 July 11 or 

12 
1929 May 12 
1929 June 24 

1930 May 4 

M ~ Y  : a 
May 3 
June 3-5 1 to 3 
July 9 6 
July 15 2 
May 20 4 
July 13 lor 2 

Mar 3 
June f 

May 6 1. 

The differences between the predicted, or theoretic dates, based 
on accumulated day-degrees of effective temperature and the actual 
dates on which the events were observed to occur are remarkably small, 
and as observations may not aIways be accurate, especially i f  they are 
not made systernaticaIly, the discrepancies above recorder1 may be mote 
he result of faulty observations than of methods of dete 

- - 
the 

theoretic dates. 
!mining 

in his re1 Dr. T. J. Headlee, State Entomologist of New Jersey, mrt 
far the year ending June 30, 1929, makes the following sta hth 
respect to climate and insect investigations : 

'The thermal constant method of determining when codling a n  
should be appIfed was carried through the flacal year, and  it^ accuracy for 
this purpose was amply demonstrated. By actual comparison of etic 
dates indicated by  it with the actual dates ehom by codling mo rn~e 
boxes, i t was found that as a rule a dtfference of not to ex( day 
exiated between them. The number of temperature atationa in 38, 
whereas in 3929 the number was reduced to 7. Thia reductlc ads 
because smaller numbers gave ae good an EndIcatIon as t h e  la lber 
and east much Ieas to maintain,'" 

It will be possible for any one who keeps temperature records such 
as aTe described in this paper to Iearn by observation the number of 
effective day-degrees which has accumulated on any date on which an 
important event in the seasanaI history of the codling moth :ur, 
and by recording these he may be able to anticipate their apr erY 
year, however early or late the season may be. 

Thus far this discussion has been confined to the use of accumu- 
Iatd day-degrees of effective temperature to forecast the time of the 
appearance of different events in the seasonal history of the codling 
moth. Observations made during the past few years indicate that t h e  

moth spr - . -. . - - - - . 
the theor 
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:eed one 
1928 watl 
In was m 
.rger num 
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broach ev 
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same temperature factors may- be of use to forecast the time of appear- 
ance of a number of other insects. 

The following insects may be expected to begin to appear when 
the ntlrnher of day-degrees of effective temperature placed after their 
names have accumulated : 

Inflect Dar-demeee Daydegrees 
Ckb%a& fur*$ Pouog of 1st bmod 275; young of 2nd brood 1500 
C M m a ~ s  amer2t Foun~ of let brood 276; young of 2nd brood 1500 
Oh3onmpia pifiifo Young of 1st brood 2'15; young of 2nd brood 1500 

...... Lepidosaphes 2 1 1 7 ~ ~ ~ .  .Young of 1st brood 275; young of 2nd brood 1500 
(double brooded form) 

Legidosa~la~s ~ 1 F n a B .  .... ..First young 450: 
(single brooded form) 

Aspidiotus pernir' - -  Young or 1st broad 725; young of 2nd brood 2110 
PuZvitaariQ witZs . First e g g  850 
Goss~parirn spur& ,.................. t young R43 
Hemeroeampa leu. 

..................... .~arvae of 1st brood MU; larvae ot and brood 1)"" 
Thym'dopteryx 

ephemeraelWmd8 .........................-.... .%at young ! 

Further studies will undoubtedly show that the limits of the te 
perature zones vary for different species of insects and thorough stud 
of the relationship befmeen insects and temperatures will give us m( 
accurate means of forecasting their appearance and development. Jut 
ing from the few observations which have been made on other insec 
however, the eflective temperatures as worked ozrt for the codling mc 
may be applied to other insects whose life cycles are comparable to 
that of the codling moth whose rate of development is not affected to 
any large degree by humidity or other factors. 

Accumulative temperatures based on atmospheric conditions can- 
not be dependec when insects w! mate under 
ground will em1  tio on, but for man , that spend 
their entire lives In rne open, rne same temperature urun of effective 
day-degrees as have been worked out for the codling moth may be 
found accurate enough for ordinary forecasting. 

In conclusion, the writer wishes to express the hope that greater 
attention may be given to the relations of climate to insect develop- 
ment, being confident that these relations are sufficiently constant to 1~ 
of great practical value. 
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